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(57) ABSTRACT

An optical path-changing member comprises a member main
body which is made of a transparent material and in which a
reflection section optically connecting the optical fiber to the
light input and output end is formed, wherein the reflection
section is a first lens having a concave shape when viewed
from an incident direction and making light incident on the
inside of the member main body from one of the optical fiber
and the light input and output end be internally reflected in the
member main body and directed to the other of the optical
fiber and the light input and output end, a second lens having
a convex shape toward the optical component is formed in a
light incidence and emission surface of the member main
body, that faces the optical component.

4 Claims, 8 Drawing Sheets
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OPTICAL PATH-CHANGING MEMBER

CROSS REFERENCE TO RELATED
APPLICATIONS

Priority is claimed on Japanese Patent Application No.
2012-088861, filed on Apr. 9, 2012, and Japanese Patent
Application No. 2013-037952, filed on Feb. 27, 2013, the
contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an optical path-changing
member that is provided at a terminal of an optical transmis-
sion body such as an optical fiber. An optical path-changing
member is an optical component for changing a direction of
an optical path between an optical fiber and a light input and
output end provided at a substrate, thereby optically connect-
ing the optical fiber and the light input and output end.

2. Description of Related Art

In recent years, a method to fix an optical connector
assembled to a leading end portion of an optical fiber wired
along a substrate on which an optical element such as a
light-emitting element such as a surface emission type laser
diode (Vertical Cavity Surface Emitting Laser, hereinafter
referred to as a VCSEL) or a light-receiving element such as
a photodiode (PD), in which light is vertically emitted or
incident with respect to the substrate, is mounted, to the
substrate so as to be optically connected to the optical element
has been widely used.

In this type of optical connector, a structure to change an
optical path in order to optically connect the optical fiber and
the optical element is provided. As a typical optical connector
having this structure, a PT optical connector (standardized by
JPCA-PE03-01-06S) which changes an optical axis by 90° in
the inside of the connector has been put to practical use.

The PT optical connector is a substrate mounting type
optical connector that optically connects a multi-core optical
fiber such as a multi-core optical fiber ribbon and an optical
element on a flexible wiring substrate, and is beginning to be
used in optical interconnection of routers, servers, parallel
computers, or the like.

As an optical path-changing member that changes a direc-
tion of an optical path of a multi-core optical fiber, there is an
optical path-changing member described in Japanese Unex-
amined Patent Application, First Publication No. 2006-
184782. This optical path-changing member has a function to
change an optical path of a two-dimensionally arranged
multi-core optical fiber and has a structure to prevent occur-
rence of a large optical path difference by inclining a multi-
core optical fiber of an upper stage with respect to a multi-
core optical fiber of a lower stage, thereby bringing leading
ends of the multi-core optical fibers of the upper and lower
stages close to each other. Light emitted from the optical fiber
orthe optical element is of an external reflection type in which
the light is incident on a reflection surface from the outside of
an optical path-changing member main body.

As the optical element that is connected to the multi-core
optical fiber, an optical module is used. The optical module is
an optical component with a multi-channel light-emitting and
light-receiving element and a transceiver circuit built therein.

In Japanese Unexamined Patent Application, First Publi-
cation No. 2007-121973, as an optical path-changing mem-
ber, an internal reflection type PT optical connector is dis-
closed in which light is incident on a reflection surface from
the inside by way of an optical path-changing member main
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body. A lens is formed on the lower surface of the optical
path-changing member, and light emitted from a leading end
portion of an optical fiber is totally reflected to the circuit
board side by a reflection surface and then condensed by the
lens, thereby being optically coupled to a light input and
output end on the circuit board side. Further, in a case where
an optical element on the circuit board side is a light-emitting
element, light emitted from the light-emitting element is con-
densed by the lens and then totally reflected by the reflection
surface, thereby being optically coupled to the leading end
portion of the optical fiber.

In the above-described optical path-changing members,
since the reflection surface has the form of a flat slope, there
is a problem in that it is difficult to change an optical path of
incident light to an optimum direction. If the reflection sur-
face has the form of a flat slope, there is a case where a shift
occurs in a direction of incident light or a case where an
optical connection cannot be maintained.

SUMMARY OF THE INVENTION

The present invention has been made in consideration of
such circumstances and an object thereof is to provide an
optical path-changing member which makes it possible for a
change of'an optical path in a reflection surface to be correctly
performed.

According to an aspect of the present invention, an optical
path-changing member is provided at a terminal of an optical
fiber and installed at a position facing an optical component in
which a light input and output end is provided having an
optical axis inclined with respect to a direction of an optical
axis of the terminal, the optical path-changing member
including: a member main body which is made of a transpar-
ent material and in which a reflection section optically con-
necting the optical fiber to the light input and output end is
formed, wherein the reflection section is a first lens having a
concave shape when viewed from an incident direction and
making light incident on the inside of the member main body
from one of the optical fiber and the light input and output end
be internally reflected in the member main body and directed
to the other of the optical fiber and the light input and output
end, a second lens having a convex shape toward the optical
component is formed in a light incidence and emission sur-
face of the member main body, that faces the optical compo-
nent, the first lens is an aspheric lens that can make the light
from the optical fiber become parallel through internal reflec-
tion and make the light be directed to the second lens or can
condense light from the light input and output end and make
the light be directed to the optical fiber, and the second lens is
a spherical lens that can condense light from the first lens and
make the light be directed to the light input and output end or
can make light from the light input and output end parallel and
make the light be directed to the first lens.

It is preferable that the optical fiber be a multi-core optical
fiber arranged in two or more stages, an optical fiber insertion
hole row in which a plurality of optical fiber insertion holes
for inserting the optical fibers therein is arranged be formed in
two or more stages in the member main body, the first lenses
of two or more stages be provided in lines at positions on
extended lines of the optical fiber insertion hole rows, and the
second lenses of two or more stages be provided in lines at
positions corresponding to the first lenses.

It is preferable that the first lens of a first stage among the
first lenses formed in the two or more stages have a smaller
distance from the optical fiber than in the first lens of a second
stage and can make light from the optical fiber be directed to



US 9,158,071 B2

3

the second lens as parallel light having a small diameter in
contrast with the first lens of the second stage.

It is preferable that the second lens be formed on a bottom
surface of a concaved protective portion formed in the light
incidence and emission surface and the protrusion height of
the second lens be made smaller than the depth of the con-
caved protective portion.

It is preferable that in the member main body, a leading end
disposition concave portion in which a leading end of the
optical fiber is disposed be formed in the opposite surface to
the light incidence and emission surface and that the leading
end disposition concave portion be filled with an adhesive that
fixes the leading end of the optical fiber to the member main
body.

It is preferable that the reflection section be at least a
portion of an inner surface of a reflection section formation
concave portion formed in the opposite surface to the light
incidence and emission surface of the member main body and
be formed to be inclined with respect to directions of optical
axes of the optical fiber and the light input and output end.

According to the present invention, since the first lens and
the second lens are formed in the light incidence and emission
surface, even in a case where a shift occurs in a direction of
incident light, a direction of an optical path can be maintained
in a desired direction by the two lenses.

Further, since both the first lens and the second lens are
formed in the member main body, the relative positions of the
two lenses do not change, and therefore, a highly accurate
optical path change is possible.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of an optical path-changing
member of a first embodiment related to the present inven-
tion.

FIG. 2 is a cross-sectional view of the optical path-chang-
ing member shown in FIG. 1.

FIG. 3 is an enlarged cross-sectional view of the optical
path-changing member shown in FIG. 1.

FIG. 4 is a perspective view of an optical path-changing
member of a second embodiment related to the present inven-
tion.

FIG. 5 is a cross-sectional view of the optical path-chang-
ing member shown in FIG. 4.

FIG. 6 is an enlarged cross-sectional view of the optical
path-changing member shown in FIG. 4.

FIG. 7 is a perspective view of an optical path-changing
member of a third embodiment related to the present inven-
tion.

FIG. 8 is a cross-sectional view of the optical path-chang-
ing member shown in FIG. 7.

DETAILED DESCRIPTION OF THE INVENTION
First Embodiment

Hereinafter, a first embodiment of the present invention
will be described in detail based on the drawings.

FIG. 1 is a perspective view of an optical path-changing
member 1A of the first embodiment related to the present
invention. FIG. 2 is a cross-sectional view of the optical
path-changing member 1A. FIG. 3 is an enlarged cross-sec-
tional view of the optical path-changing member 1A.

In the following description, a leading end direction (the
right direction in FIG. 2) of a multi-core optical fiber 6 is
sometimes referred to as the front and the opposite direction
(the left direction in FIG. 2) thereto is sometimes referred to
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as the rear. Further, the front-back direction is a direction of an
optical axis of the multi-core optical fiber 6.

As shown in FIGS. 1 and 2, a member main body 2 con-
stituting the optical path-changing member 1A is provided at
a terminal of the multi-core optical fiber 6, and the member
main body 2 is installed to face an optical module 3 (an optical
component), whereby a light input and output end 41 in the
optical module 3 and the multi-core optical fiber 6 are opti-
cally connected.

The light input and output end 41 is a light input and output
end of at least one of a light-emitting element and a light-
receiving element.

The multi-core optical fiber 6 is, for example, an optical
fiber ribbon and has a plurality of optical fibers 61 bundled
together by a tape coating.

The multi-core optical fiber 6 in this embodiment is
arranged in one stage. In addition, as the multi-core optical
fiber 6, it is not limited to a multi-core optical fiber ribbon and
various configurations such as a plurality of single-core opti-
cal fibers, for example, can be adopted.

As shown in FIG. 2, the optical module 3 is made in, for
example, a plate shape, a block shape, or the like and a
plurality of light input and output ends 41 can be mounted
thereon (or built therein).

The optical module 3 is provided on a circuit board 7 and
has a function to drive the light-emitting element (the light
input and output end 41) on the basis of a control signal from
a drive circuit on the circuit board 7 and/or a function to
transmit an electric signal according to a light-receiving sig-
nal of the light-emitting element (the light input and output
end 41) to a processing circuit on the circuit board 7.

The upper surface of the optical module 3 becomes a joint
surface 3a on which the member main body 2 is mounted.

The light input and output ends 41 are arranged in the width
direction (a direction perpendicular to the plane of paper in
FIG. 2) ofthe optical module 3 to correspond to an array of the
optical fibers 61 constituting the multi-core optical fiber 6.

As the light input and output end 41, there is a light-
emitting element such as a surface emission type laser diode
(VCSEL) or a light-receiving element such as a photodiode
(PD).

A direction of an optical axis of the light input and output
end 41 is made to be approximately perpendicular to the
optical module 3 (the joint surface 3a) (refer to FIG. 2). In
addition, the direction of the optical axis of the light input and
output end 41 may also be inclined at an angle other than 90°
with respect to the circuit board 7.

In addition, although not particularly shown, a photoelec-
tric conversion circuit, a control-processing section, an opti-
cal signal-processing circuit, an optical element-driving cir-
cuit, and various other circuits that perform drive control or
the like of electronic components on the circuit board are
configured in the circuit board 7 on which the optical module
3 is mounted.

The member main body 2 is a member for optically con-
necting the multi-core optical fiber 6 and the light input and
outputend 41, which is provided so as to cover the leading end
side of the multi-core optical fiber 6. As described above,
since the optical axis of the multi-core optical fiber 6 and the
optical axis of the light input and output end 41 are inclined to
each other, optical connection is made by changing an optical
path by a reflection section 21 provided in the member main
body 2.

The member main body 2 is made of a transparent material
and is a block-shaped member having the reflection section
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21. As a material constituting the member main body 2, for
example, polycarbonate, modified polyolefin, epoxy-based
resin, or the like is preferable.

As shown in FIGS. 2 and 3, a reflection section formation
concave portion 23 that forms the reflection section 21, a
leading end disposition concave portion 30 in which leading
ends 61a ofthe optical fibers 61 are disposed, and an opening
portion for filling 31 that leads to a multi-core optical fiber
insertion hole 24 are formed in an upper surface 2a (the
opposite surface to a light incidence and emission surface 28)
of the member main body 2.

The reflection section formation concave portion 23 has the
form of a groove extending along the width direction of the
member main body 2 (refer to FIG. 1).

As shown in FIG. 3, the reflection section formation con-
cave portion 23 has a front inclined surface 23a that descends
as it goes backward, a bottom surface 235 formed along the
joint surface 3a of the optical module 3 toward the rear from
a lower end of the front inclined surface 23a, a rear inclined
surface 23¢ that ascends as it goes backward from a rear end
of'the bottom surface 235, and a drooping surface 234 formed
along a depth direction (a direction perpendicular to the joint
surface 3a of the optical module 3, a vertical direction in FIG.
2) from a rear end of the rear inclined surface 23c.

At least a portion of the rear inclined surface 23¢ becomes
the reflection section 21 that optically connects the multi-core
optical fiber 6 to the light input and output end 41.

The reflection section 21 is formed so as to be located on
the extended line of the optical axis of the multi-core optical
fiber 6 and also located above the light input and output end 41
when the member main body 2 has been fixed onto the optical
module 3.

The reflection section 21 is formed to be inclined with
respect to the direction of the optical axis of the multi-core
optical fiber 6 (the left-right direction in FIG. 2) and the
direction of the optical axis of the light input and output end
41 (the vertical direction in FIG. 2), and can make light
emitted from the multi-core optical fiber 6 and incident on the
inside of the member main body 2 be internally reflected in
the member main body 2, thereby being directed to the light
input and output end 41, or make light emitted from the light
input and output end 41 and incident on the inside of the
member main body 2 be internally reflected, thereby being
directed to the leading end 61a of the multi-core optical fiber
6.

The reflection section 21 optically connects the multi-core
optical fiber 6 and the light input and output end 41 by internal
reflection in the member main body 2 on the basis of a refrac-
tive index difference between a constituent material of the
member main body 2 and air in the reflection section forma-
tion concave portion 23. The higher the reflection efficiency
in the reflection section 21, the more preferable. In the inside
of the reflection section formation concave portion 23, other
gases satisfying an appropriate refractive index difference
between it and the constituent material may also be present.

In the member main body 2, first lenses 22 of the same
number as the number of optical fibers 61 constituting the
multi-core optical fiber 6 are formed. The first lenses 22 are
aspheric lenses each having a concave shape when viewed
from the multi-core optical fiber and the light input and output
end 41 (that is, when viewed from an incident direction of
light).

The curvature of the first lens 22 is designed, for example,
such that light .1 emitted from the multi-core optical fiber 6
(the optical fiber 61) is reflected by the first lens 22 and then
turned into parallel light [.2 having an approximately circular
cross-section and perpendicular to the direction of the optical
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axis of the multi-core optical fiber 6 (refer to FIG. 3). It is
preferable that the curvature of the first lens 22 be designed
such that an end face of the multi-core optical fiber 6 (the
optical fiber 61) is located at a light condensing point of
reflected light (the light L.1).

It is preferable that the first lens 22 be formed such that the
center of the lens is located on the reflection section 21 and on
the extended line in the direction of the optical axis of the
optical fiber 61 and the extended line of the optical axis of the
light input and output end 41.

The first lenses 22 form a first lens row 22C arranged along
the width direction of the member main body 2 to correspond
to an array of the optical fibers 61 constituting the multi-core
optical fiber 6.

Atarear portion of the member main body 2, the multi-core
optical fiber insertion hole 24 is formed along the front-back
direction. A rear end of the multi-core optical fiber insertion
hole 24 is opened at the rear surface of the member main body
2.

The multi-core optical fiber insertion hole 24 can make the
multi-core optical fiber 6 have a shape that can be retained
therein. Specifically, the multi-core optical fiber insertion
hole 24 has optical fiber insertion holes 25 into which the
optical fibers 61 of the multi-core optical fiber 6 are inserted,
and a multi-core optical fiber holding portion 26 correspond-
ing to an outer diameter of the tape coating covering the
optical fibers 61. The optical fiber insertion holes 25 are
formed in the same number as the number of optical fibers 61.

A first tapered portion 264 playing the role of a guide when
inserting the optical fibers 61 into the optical fiber insertion
holes 25 is formed between the optical fiber insertion holes 25
and the multi-core optical fiber holding portion 26.

The leading end disposition concave portion 30 is formed
further to the rear than the reflection section formation con-
cave portion 23 and has the form of a groove extending along
the width direction of the member main body 2 (refer to FIG.
1).

As shown in FIG. 3, the leading end disposition concave
portion 30 has an incidence and emission surface 30a formed
along the depth direction (the direction perpendicular to the
joint surface 3a of the optical module 3, the vertical direction
in FIG. 2), a bottom surface 306 formed along the joint
surface 3a toward the rear from a lower end of the incidence
and emission surface 30q, a rear surface 30¢ formed along the
depth direction (the direction perpendicular to the joint sur-
face 3a of the optical module 3, the vertical direction in FIG.
2) from a rear end of the bottom surface 305, and a rear
inclined surface 30d that ascends as it goes backward from an
upper end of the rear surface 30c.

The optical fiber insertion holes 25 are opened at the rear
surface 30c.

The incidence and emission surface 30q is formed so as to
position the leading ends 61a of the optical fibers 61 inserted
into the optical fiber insertion holes 25 and then disposed in
the leading end disposition concave portion 30 at predeter-
mined positions.

For example, the incidence and emission surface 30qa is
formed such that the leading ends 61a of the optical fibers 61
match the light condensing points by the first lenses 22 when
the multi-core optical fiber 6 is inserted such that the leading
ends 614 of the optical fibers 61 hit the incidence and emis-
sion surface 30a.

The leading ends 61a of the optical fibers 61 face the
incidence and emission surface 30q in proximity thereto or in
contact therewith.

The leading ends 61a ofthe optical fibers 61 are fixed to the
member main body 2 (specifically, the inner surface of the
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leading end disposition concave portion 30) by filling and
hardening an adhesive 32 in the leading end disposition con-
cave portion 30.

Since the leading end disposition concave portion 30 has
the rear inclined surface 30d, the dimension (the dimension in
the front-back direction) of an opening portion can be
increased, and therefore, the adhesive 32 is easily introduced
into the leading end disposition concave portion 30. There-
fore, the leading ends 61a of the optical fibers 61 can be
reliably fixed to the member main body 2.

The optical fiber insertion holes 25 form an optical fiber
insertion hole row 25C that is made by arranging a plurality of
optical fiber insertion holes 25 side by side in the width
direction of the member main body 2.

The optical fiber insertion holes 25 are formed such that
two adjacent optical fiber insertion holes 25 and 25 are posi-
tioned at equal intervals. In this way, a large number of optical
fibers 61 can be inserted and assembled in the member main
body 2 in a bundle for each multi-core optical fiber 6.

The opening portion for filling 31 is formed further to the
rear than the leading end disposition concave portion 30 and
extends along the width direction of the member main body 2
(refer to FIG. 1).

An adhesive 34 is filled and hardened in the opening por-
tion for filling 31, whereby the multi-core optical fiber 6 is
fixed to the member main body 2 (specifically, the inner
surfaces of the multi-core optical fiber insertion hole 24 and
the opening portion for filling 31).

The lower surface of the member main body 2 in FIG. 2 is
the light incidence and emission surface 28 facing the joint
surface 3a of the optical module 3 and a plurality of second
lenses 33 is formed in the light incidence and emission sur-
face 28.

The second lens 33 is a spherical lens having a convex
shape protruding toward the optical module 3 (a shape pro-
truding downward in FIG. 2) and is disposed on the extended
line of the optical axis of the light input and output end 41.

The second lenses 33 form a second lens row 33C arranged
along the width direction of the member main body 2 accord-
ing to the positions of the first lenses 22 (the first lens row
220).

It is preferable that the second lens 33 be formed on a
bottom surface 35a of a concaved protective portion 35
formed in the light incidence and emission surface 28. The
bottom surface 35¢ may be made to be parallel to the light
incidence and emission surface 28.

It is preferable that the protrusion height of the second lens
33 be smaller than the depth of the concaved protective por-
tion 35. Accordingly, when the member main body 2 is
installed on the optical module 3, the second lens 33 can be
prevented from being damaged by a collision or the like with
the optical module 3.

In a case of assembling the member main body 2 to a
leading end of the multi-core optical fiber 6, after the indi-
vidual optical fibers 61 are exposed by removing the coating
of a leading end portion of the multi-core optical fiber 6, the
multi-core optical fiber 6 is inserted from the rear of the
member main body 2. At this time, positioning between the
leading ends 61a of the optical fibers 61 and the first lenses 22
is performed by performing insertion such that the leading
ends 61a of the optical fibers 61 hit the incidence and emis-
sion surface 30qa of the leading end disposition concave por-
tion 30.

As shown in FIGS. 1 to 3, the member main body 2 has two
positioning pins 29 (positioning concave portions) protruding
from the light incidence and emission surface 28 that faces the
optical module 3.
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The positioning pin 29 in the illustrated example is formed
in a substantially columnar shape and has a tapered portion
29a, a diameter of which is gradually reduced toward a lead-
ing end. The positioning pins 29 are disposed to be spaced
front and back at positions that are at approximately the center
in the width direction of the member main body 2 and do not
interfere with the optical path. The positioning pins 29 can be
formed by integral molding with the member main body 2.

As shown in FIG. 2, in the optical module 3, pinholes for
positioning 39 (positioning concave portions) are formed in
the joint surface 3a facing the member main body 2. The
shape of the pinhole for positioning 39 is designed to fit to the
shape of the positioning pin 29 such that the positioning pin
29 is positioned with a high degree of accuracy. The pinhole
for positioning 39 in the illustrated example is a hole having
a circular cross-section, into which the positioning pin 29
having a columnar shape is fitted.

In a case where the multi-core optical fiber 6 incorporated
into the member main body 2 is optically connected to the
light input and output end 41 mounted on the optical module
3,as shown in FIG. 2, the member main body 2 and the optical
module 3 are fitted to each other by making the light incidence
and emission surface 28 of the member main body 2 face the
joint surface 3a of the optical module 3 and then inserting the
positioning pins 29 protruding from the light incidence and
emission surface 28 of the member main body 2 into the
pinholes of positioning 39 formed in the joint surface 3a of
the optical module 3.

In this way, the multi-core optical fiber 6 arranged so as to
face the reflection section 21 is correctly positioned with
respect to the light input and output end 41 and the multi-core
optical fiber 6 is optically connected to the light input and
output end 41 through the reflection section 21.

In addition, the positioning pin 29 is not limited to the
illustrated example and may also be a separate member from
the member main body 2. Further, a configuration is also
possible in which a positioning pin protrudes from the optical
module 3 side and is fitted into a pinhole for positioning
formed on the member main body 2 side. The number of
positioning pins 29 is not particularly limited and can be one,
two, or three or more according to a purpose or the like. The
shapes of the positioning pin 29 and the pinhole for position-
ing 39 are also not particularly limited and the positioning pin
29 and the pinhole for positioning 39 having various shapes
such as an elliptical shape and a polygonal shape (for
example, a rectangular shape or the like) according to a pur-
pose or the like can be adopted.

As shown in FIG. 3, since the first lens 22 and the second
lens 33 are interposed in the optical path between the multi-
core optical fiber 6 and the light input and output end 41, the
light L1 emitted from the multi-core optical fiber 6 (the opti-
cal fiber 61) is reflected by the first lens 22 and then turned
into the parallel light [.2 perpendicular to the direction of the
optical axis of the multi-core optical fiber 6 and the light is
condensed by the second lens 33 and is incident on the light
input and output end 41.

Light emitted from the light input and output end 41 passes
through the second lens 33, thereby being turned into the light
L2 parallel to the optical axis of the light input and output end
41, then is reflected and also condensed (the light I.1) by the
first lens 22, and is incident on the leading end 61a of the
optical fiber 61.

In the optical path-changing member 1A, since the first
lens 22 and the second lens 33 are formed in the light inci-
dence and emission surface 28, even in a case where a shift
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occurs in the direction of incident light, the direction of the
optical path can be maintained in a desired direction by the
two lenses 22 and 33.

Since both the first lens 22 and the second lens 33 are
formed in the member main body 2, the relative positions of
the two lenses 22 and 33 do not change, and therefore, a
highly accurate optical path change is possible.

Further, due to a configuration in which the first lens 22
having a concave shape when viewed from the incident direc-
tion is formed and condenses light incident on the reflection
section 21, a change of the direction of the optical path can be
more accurately performed.

In the optical path-changing member 1A, since the optical
fiber insertion hole 25 precisely positioning the multi-core
optical fiber 6 and the reflection section 21 are formed in the
member main body 2 that is a block-shaped integral compo-
nent and the mutual positional relationship between the direc-
tion of the optical axis of the optical fiber 61 and the reflection
section 21 is fixed with a high degree of accuracy, the respec-
tive optical fibers 61 and the respective light input and output
ends 41 are precisely correlated with each other. Further, a
reduction in the size of the overall configuration as an optical
connector also becomes possible.

Second Embodiment

FIG. 4 is a perspective view of an optical path-changing
member 1B of a second embodiment related to the present
invention. FIG. 5 is a cross-sectional view of the optical
path-changing member 1B. FIG. 6 is an enlarged cross-sec-
tional view of the optical path-changing member 1B.

As shown in FIGS. 4 and 5, optical fiber insertion holes 25
(254 and 25b) and first lenses 22 (22a and 225) of the optical
path-changing member 1B are two-dimensionally arranged
s0 as to form a plurality of stages.

The optical fiber insertion holes 25 (25a and 255) form a
plurality of stages 25A and 25B (optical fiber insertion hole
rows) that are made by arranging a plurality of optical fiber
insertion holes 25 side by side in a lateral direction, and the
first lenses 22 (22a and 2256) form a plurality of stages 22A
and 22B that are made by arranging a plurality of first lenses
22 side by side in a lateral direction.

The optical fiber insertion holes 25 and the first lenses 22
are arranged in two stages to correspond to the multi-core
optical fibers 6 having a two-stage configuration.

Second lenses 33 (33a and 335) form a plurality of stages
33 A and 33B that are made by arranging a plurality of second
lenses 33 side by side in a lateral direction to correspond to the
positions of the first lenses 22 (the stages 22A and 22B).

In the following description, for convenience, the respec-
tive stages 25A,25B, 22 A, 22B, 33 A, and 33B are sometimes
distinguished as first stages 25A, 22A, and 33A and second
stages 25B, 22B, and 33B in the order that a distance from the
light incidence and emission surface 28 is small.

As shown in FIG. 6, since the first lenses 22 (the stages 22A
and 22B) and the second lenses 33 (the stages 33A and 33B)
are interposed in the optical paths between the multi-core
optical fibers 6 and the light input and output ends 41, lights
L11 and [.12 emitted from the multi-core optical fibers 6 are
reflected by the first lenses 224 and 225 and then turned into
parallel lights [.21 and [.22 each having an approximately
circular cross-section and being perpendicular to the direc-
tions of the optical axes of the multi-core optical fibers 6 and
the lights are condensed by the second lenses 33a and 335 and
are incident on the light input and output ends 41.

Lights emitted from the light input and output ends 41 pass
through the second lenses 33a and 3356 (the stages 33A and
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33B), thereby being turned into the lights [.21 and [.22 par-
allel to the optical axes of the light input and output ends 41,
then are reflected and also condensed (the lights .11 and [.12)
by the first lenses 22a and 225 (the stages 22A and 22B), and
are incident on the leading ends 61a of the optical fibers 61.

Inthe firstlens 22a of the first stage 22 A in which a distance
from the leading end 61a of the optical fiber 61 (the optical
fiber 61 inserted into the optical fiber insertion hole 254a) (a
distance from the incidence and emission surface 30q) is
small, the diameter of light from the optical fiber 61 becomes
small, compared to light that reaches the first lens 2256 of the
second stage 22B. Therefore, as the first lens 22a, a lens
having a small diameter compared to the first lens 224 is used.

The reflected light is directed to the second lens 334 of the
first stage 33 A as the parallel light [.21 having a small diam-
eter (in contrast with the first lens 225).

In the first lens 22a, a distance from the incidence and
emission surface 30a of the leading end disposition concave
portion 30, with which the leading end 61a of the optical fiber
61 comes into contact (or to which the leading end 61a comes
close), is small, compared to the first lens 224.

In the first lens 225 of the second stage 22B in which a
distance from the leading end 61a of the optical fiber 61 (the
optical fiber 61 inserted into the optical fiber insertion hole
25b) (a distance from the incidence and emission surface 30a)
is large, the diameter of light from the optical fiber 61
becomes large, compared to light that reaches the first lens
22a, due to the influence of diffusion. Therefore, as the first
lens 225, a lens having a large diameter compared to the first
lens 22a is used.

The reflected light is directed to the second lens 335 of the
second stage 33B as the parallel light [.22 having a large
diameter (in contrast with the first lens 22a).

In the optical path-changing member 1B, similarly to the
optical path-changing member 1A, since the first lenses 22
(22a and 224) and the second lenses 33 (33a and 33b) are
formed in the light incidence and emission surface 28, even in
a case where a shift occurs in the direction of incident light,
the direction of the optical path can be maintained in a desired
direction.

Further, since both the first lens 22 and the second lens 33
are formed in the member main body 2, the relative positions
of the two lenses 22 and 33 do not change, and therefore, a
highly accurate optical path change is possible.

In the illustrated example, the light input and output ends
41 of the optical module 3 are respectively provided at posi-
tions facing the second lenses 33a and 335. Specifically, the
light input and output ends 41 include a light input and output
end 41a of a first stage corresponding to the second lens 33a
of'the first stage 33A and a light input and output end 415 of
a second stage corresponding to the second lens 335 of the
second stage 33B (refer to FIG. 6).

It is preferable that among the light input and output ends
41 formed in plural stages in this manner, the light input and
output end 414 of the first stage corresponding to the first lens
22a in which a distance from the optical fiber 61 is relatively
small be a light input and output end of a light-receiving
element.

This is because since the first lens 224 is close to the optical
fiber 61, the diameter of light reaching the first lens 224 from
the optical fiber 61 is small, and thus interference with light
from another optical fiber 61 does not easily occur, and there-
fore, an adverse effect in the light-receiving element can be
suppressed.

The light input and output end 415 of the second stage can
be set to be a light input and output end of a light-emitting
element.
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In a case where the light input and output ends 41 are
formed in three or more stages, it is preferable that among
them, at least one stage among the light input and output ends
41 of the stages belonging to the number of stages equivalent
to half of the total number of stages counting from the stage
corresponding to the first lens in which a distance from the
optical fiber is the smallest be a light input and output end of
a light-receiving element.

Third Embodiment

FIG. 7 is a perspective view of an optical path-changing
member 1C of a third embodiment related to the present
invention. FIG. 8 is a cross-sectional view of the optical
path-changing member 1C.

As shown in FIGS. 7 and 8, optical fiber insertion holes 125
(125a and 125b) and first lenses 122 (122a and 1225) are
two-dimensionally arranged so as to form a plurality of
stages. The first lenses 122 (122a and 1225) form a plurality
of stages 122A and 122B that are made by arranging a plu-
rality of first lenses 122 side by side in a lateral direction.

The optical fiber insertion holes 125 and the first lenses 122
are arranged in two stages to correspond to the multi-core
optical fibers 6 having a two-stage configuration.

When viewed from the direction of the optical axis of the
light, positions of the optical fiber insertion holes 125 corre-
spond to positions of the first lenses 122. Here, therefore, the
embodiment will be described with reference to the positions
of the optical fiber insertion holes 125.

The optical fiber insertion holes 125 form two stages 125A
and 125B, and in each of the stages 125A and 125B, a plu-
rality of the optical fiber insertion holes 125 is arranged in a
width direction with equal spacing (of pitch p).

Therefore, for each multi-core optical fiber 6, the plurality
of optical fibers 61 are collectively inserted to the member
main body 2, and the optical path-changing member 1C can
be assembled. When the pitch p between the distance of the
centers of the naked optical fiber insertion holes 125, which
belong to the same stage 125A or 125B and are adjacent to
each other, is set so as to correspond to a pitch of the optical
fibers 61 in a ribbon, it is preferable since each of the optical
fibers are arranged in parallel and an increase of the transmis-
sion loss and so on due to flection of the optical fibers can be
reduced.

Positions of the optical fiber insertion holes 125 belong to
the first stage 125 A and positions of the optical fiber insertion
holes 125 belong to the second stage 125B are mutually
shifted in the width direction of the member main body 2 (a
horizontal direction in FIG. 8).

Here, amplitude of the shift d (a shift amount) secured
between the first stage 125A and the second stage 125B is
greater than a beam diameter of the optical path such that
optical paths do not overlap each other. The shift amount d is
set to be greater than a diameter of a core of the optical fibers
61 since the beam diameter of the optical path is merely
slightly greater than the diameter of the core in view of beam
diftusion.

As described above, since the positions of the optical fiber
insertion holes 125 correspond to the positions of the first
lenses 122 when viewed from the direction of the optical axis
of the light, a pitch p between the distance of the centers of
each first lens 122 and a shift amount d are the same as those
of the optical fiber insertion holes 125.

Second lenses 133 and the light input and output ends 41
(see FIGS. 5 and 6) are arranged such that when seen from a
planar view, the positions thereof correspond to the positions
of the first lenses. The second lenses 133 and the light input
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and output ends 41 are also two-dimensionally arranged so as
to form a plurality of stages. Therefore, the pitch and the shift
amount are the same as those of the optical fiber insertion
holes 125 and the first lenses 122.

Second lenses 133 (1334 and 13354) form a plurality of
stages 133 A and 133B that are made by arranging a plurality
of second lenses 133 side by side in a lateral direction to
correspond to the positions of the first lenses 122 (the stages
122A and 122B).

As shown in FIG. 7, the optical fiber insertion holes 125 are
arranged in a zigzag manner where the positions of the optical
fiber insertion holes 125 belong to the first stage 125A and the
positions of the optical fiber insertion holes 125 belong to the
second stage 125B are mutually shifted. Therefore, the dis-
tance between the optical fibers 61 positioned by the optical
fiber insertion holes 125 is broader.

Therefore, occurrences of noises or interference of a signal
light caused by beam diffusion to an optical path of the
adjacent optical fibers 61 are prevented and preferable optical
connections can be realized.

In addition, since the optical fiber insertion holes 125 are
arranged in a zigzag manner, while occurrences of noises or
interference of a signal light are prevented, it is possible for
the two stages to be closer in the height direction. As a result,
packaging density of the optical fibers 61 can be increased.

InFIGS. 4 to 8 and the like, an embodiment has been shown
in which each of the optical fiber insertion hole 25 and the
lenses 22 and 33 is two stages. However, in the present inven-
tion, it is also possible to arrange each of them in three or more
stages.

In this case, a configuration is possible in which the first
lens of one stage among the first lenses formed in three or
more stages has a smaller distance from the optical fiber than
in the first lens of one stage except that and can make light
from the optical fiber be directed to the second lens as parallel
light having a relatively small diameter.

While preferred embodiments of the invention have been
described and illustrated above, it should be understood that
these are exemplary of the invention and are not to be con-
sidered as limiting. Additions, omissions, substitutions, and
other modifications can be made without departing from the
spirit or scope of the present invention. Accordingly, the
invention is not to be considered as being limited by the
foregoing description, and is only limited by the scope of the
appended claims.

What is claimed is:

1. An optical path-changing member that is provided at a
terminal of an optical fiber and installed at a position facing an
optical component in which a light input and output end is
provided having an optical axis inclined with respect to a
direction of an optical axis of the terminal, the optical path-
changing member comprising

a member main body which is made of a transparent mate-
rial and in which a reflection section optically connect-
ing the optical fiber to the light input and output end is
formed, wherein:

the reflection section is a first lens having a concave shape
when viewed from an incident direction and making
light incident on the inside of the member main body
from one of the optical fiber and the light input and
output end be internally reflected in the member main
body and directed to the other of the optical fiber and the
light input and output end;

a second lens having a convex shape toward the optical
component is formed in a light incidence and emission
surface of the member main body, which faces the opti-
cal component;
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the first lens is an aspheric lens that can make light from the
optical fiber parallel by the internal reflection and make
the light be directed to the second lens or can condense
light from the light input and output end and make the
light be directed to the optical fiber;

the second lens is a spherical lens that can condense light
from the first lens and make the light be directed to the
light input and output end or can make light from the
light input and output end parallel and make the light be
directed to the first lens;

the optical fiber is a multi-core optical fiber arranged in two
stages;

an optical fiber insertion hole row in which a plurality of
optical fiber insertion holes, each of which is for insert-
ing a core of the multi-core optical fiber therein, is
arranged is formed in two or more stages in the member
main body;

the first lens comprising first lenses of two or more stages
are provided in lines at positions on extended lines of the
optical fiber insertion hole rows;

the second lens comprising second lenses of two or more
stages are provided in lines at positions corresponding to
the first lenses;

a first lens of a first stage among the first lenses formed in
the two stages has a smaller distance from a core of the
multi-core optical fiber in the first stage than a distance
between a first lens of a second stage among the first
lenses formed in the two stages and a core of the multi-
core optical fiber in the second stage, and can make light
from the multi-core optical fiber in the first stage be
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directed to the second lens of the first stage as parallel
light having a smaller diameter in contrast with the first
lens of the second stage;

the light input and output end corresponding to the first lens

of the first stage is a light input and output end of a
light-receiving element; and

the light input and output end corresponding to the first lens

of the second stage is a light input and output end of a
light-emitting element.

2. The optical path-changing member according to claim 1,
wherein the second lens is formed on a bottom surface of a
concaved protective portion formed in the light incidence and
emission surface, and

aprotrusion height of the second lens is made smaller than

the depth of the concaved protective portion.

3. The optical path-changing member according to claim 1,
wherein in the member main body, a leading end disposition
concave portion in which a leading end of the optical fiber is
disposed is formed in an opposite surface to the light inci-
dence and emission surface, and

the leading end disposition concave portion is filled with an

adhesive that fixes the leading end of the optical fiber to
the member main body.

4. The optical path-changing member according to claim 1,
wherein the reflection section is at least a portion of an inner
surface of a reflection section formation concave portion
formed in an opposite surface to the light incidence and
emission surface of the member main body and is formed to
be inclined with respect to directions of optical axes of the
optical fiber and the light input and output end.
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